In order to investigate associations between individual calf parameters and/or herd management practices and dairy calf body weight (BW) attainment in smallholder farms in Tanzania, a prospective study was carried out at 121 farms in Mvomero and Njombe districts and included 156 crossbred dairy calves. Information on management factors and sources of calf drinking water were collected by personal observation and interview during four visits. At each visit, BW assessments were conducted by the same veterinarian and blood samples collected. The blood samples were analyzed for hematological parameters, total blood protein, glucose, and serum phosphorus and urea. Low BW was associated with smaller amount of milk fed to calves, early weaning, birth during the wet season, and well/tap water as the main water source (P < 0.05). Low blood total protein, high urea, low phosphorus and low hemoglobin concentrations were also associated with retarded growth. These findings identified and quantified some critical factors that can guide farmers in improving calf performance on smallholder dairy farms in Tanzania. To improve calf BW, the protein and mineral fraction of the roughage should be increased and water supply should be improved. In conclusion, appropriate changes in milk feeding routines and breeding management would also be expected to improve productivity.
Introduction
A sustainable dairy production system depends on good herd management. Management practices throughout the rearing period affect the longevity of the dairy cow and thereby the total herd economy [1] . It is important to understand reasons for growth impairment in calves because growth influences the time of first breeding, as well as age and body weight (BW) at first calving. Infectious diseases seem unlikely to be the primary reason for impaired growth of smallholder dairy calves in Tanzania [2] , and inadequate feeding is probably the major reason for retarded calf growth. Nutrition of young dairy calves is critical for their future productivity. During the first 1 to 2 months of life, dairy calves function primarily as monogastric animals [3] , after which they begin to function as mature ruminants [4] . Adequate amounts of high quality colostrum at birth, sufficient quantities of milk, appropriate weaning management, sufficient intake of dry feed and water, and good disease control strategies are all of great importance for the overall well-being and growth of young calves [5] [6] [7] .
Hematological measurements are important indicators regarding suboptimal growth parameters and other stress factors [8] . A decrease in red blood cell mass causes reduced oxygenation, and associated compensatory mechanisms. These, in turn, result in subnormal growth that is associated with a wide range of conditions including anorexia, fever or lymphadenopathy [8] .
Minerals are vital to animal health and productivity [9] . Phosphorus, the second most abundant mineral element in the animal body, is involved in control of appetite and in feed utilization efficiency [10] . Phosphorus deficiency results in inhibition of growth, loss of weight, and reduced appetite before signs in the bone system become apparent; clinical signs of phosphorus deficiency occur mainly in young animals [11] . Urea is the nitrogenous waste product of protein catabolism. Fluctuations in ruminant plasma urea concentrations reflect carbohydrate and protein availability [12] . Both energy and protein in animal rations are important for the well-being and growth of young animals [13] . management practices and individual calf parameters is limited. Das et al., [14] reported positive associations between calf growth and amount of milk fed, and breed and parity of the dam. The objectives of our study were: 1) to determine which management factors had greatest impact on calf growth and to quantify the impact of these factors; 2) to identify calf-specific and herd-specific factors associated with BW attainment and to investigate their pathophysiological relationships with feedstuff and feeding management.
Materials and Methods

The Study Area
The study was conducted in 13 villages in the districts of Mvomero in Southeastern Tanzania, and Njombe in the Southern highlands of Tanzania. Further details of the study sites have been published previously [15] .
Animals
A total of 156 calves on 121 smallholder dairy farms (72 from Mvomero and 84 from Njombe) were included in the study and data collected on at least one out of four farm visits. The calves were crossbred Friesian or Ayrshire and Tanzanian shorthorn zebu (TSHZ). All animals were ear tagged when first included in the study.
Calf Examination and Management
At each visit, calf BW was estimated using a heart girth measuring tape. Information on farm characteristics and management were collected by personal interview using a standardized record form. The calf-specific variables recorded included: district, date of birth, sex, breed, and weaning age. Farm-specific information included: record keeping, education in calf rearing, amount of milk fed to calf per day, type of milk feeding (bucket or suckling), time to first colostrum ingestion, amount of colostrum fed on first day, reason for rearing male calves, and drinking water source for calves. Water from rivers, streams, and shallow wells were classified as surface water, and water from taps and deep wells were classified as deep/tap water. Housing and hygiene was assessed by observation and recorded as either clean or dirty ( Table 1) .
Blood Sampling and Analysis
Over the course of the study, 498 blood samples were collected from the jugular veins of the calves, with each blood sample collected into three different vacutainer tubes; tubes with no additive (for urea and phosphorus), with fluoride (for glucose), and with heparin (for hematological parameters; packed cell volume (PCV), hemoglobin (Hb) concentration, mean cell Hb concentration (MCHC), and total protein). Serum was harvested from the clotted blood in the plain tube by centrifuging at 3000 rpm for 10 minutes, and stored at -20˚C until analysis. Serum phosphorus and urea concentrations and plasma glucose concentrations and total protein were determined using commercial kits (BioSystems S.A., Costa Brava 30, Barcelona (Spain).
Packed cell volume was determined as described by Baker and Silverton [16] . Similarly, Hb was measured using the cyanmethaemoglobin method described by Baker and Silverton [16] . MCHC was calculated from the Hb concentration and PCV [8] .
Statistical Analysis
A statistical software package, STATA 12 (Stata Corp LP, Texas), was used for the statistical analyses. Statistical significance was considered with a P-value less than 0.05. To assess relationships between time to attainment of 100 kg BW and farm/herd level (management) variables, univariate survival models using Kaplan-Meier (K-M) estimators and the log rank statistics were used. Time to attainment of 100 kg BW was predicted by extrapolating the BW assessments between the visits before and after 100 kg BW was attained. 15 calves had already reached 100 kg BW at time of inclusion in the study, and these were omitted from the analyses (left censored). 3 calves were omitted because of missing BW observations, and 30 calves were omitted due to culling, selling, or because they had not reached 100 kg BW by the end of the study.
The relationships between the natural logarithm BW (lnBW) attainment and individual level (blood parameter) variables were assessed in mixed model regression analyses, where the centered explanatory variables age and age × age were included as the second order polynomial function.
BW estimates were transformed using their natural logarithm because of the non-normality of these data, and tested as continuous variables. To avoid outliers and measurement errors, the upper and lower 2.5 percentile of the blood parameter observations were omitted prior to the statistical analyses.
Parameters with a P-value of less than 0.20 for the association with BW from univariate survival models and mixed models were tested in a multivariable Cox proportional hazard model (Cox regression), with shared frailty at farm level. Non-significant explanatory variables and their one way interactions were omitted by the backward elimination procedure. As the likelihood ratio test for frailty was not significant, it was also removed, and the resulting model included the explanatory variables; season of birth, water source, and blood protein content. The fit of the model was assessed with deviance residuals. The cumulative hazard function, log (-log (survival function)) for each stratum was plotted against survival time for the assessment of proportional hazard.
Results
Association of Farm/Herd Level Factors with BW
The results of univariate survival model using K-M for attainment of 100 kg BW revealed that four factors were significantly related to the outcome ( Table 1) . These were season of birth, weaning age, drinking water source, and amount of milk fed per day. Calves born during the dry season grew faster than those born during the rainy season. The relative age difference at 100 kg BW between calves born during the dry and wet season is shown in Figure 1 . Calves weaned at >16 weeks of age, reached 100 kg BW faster than those weaned at <16 weeks. The age difference between the groups as an increasing proportion of calves reached 100 kg BW is shown in Figure 2 . Calves on farms with access to surface water attained 100 kg at a younger age than calves Copyright © 2012 SciRes. OJVM from farms with deep wells/tap as the primary water source (Figure 3) . Calves that received >2.5 kg milk/day had faster growth than calves fed 2.5 kg of milk, or less, per day (Figure 4 ). Significant associations between BW attainment and other explanatory variables (district, sex, education on calf rearing, amount and time of colostrum feeding, milk feeding system, rearing of male calves, and housing conditions) were not detected using the K-M statistical analyses ( Table 1) . 
Association of Calf Level Factors with BW
Of the 7 blood parameters analyzed, four were significantly associated with lnBW, with age (centered) included as a second order polynomial covariate ( Table 2 ).
Association of Management and Calf Level Factors with BW
When all factors were fitted into a multivariable Cox (regression) proportional hazard model using the backwards selection procedure, three factors remained significantly related to attainment of 100 kg BW. These were season of birth (P = 0.000), source of drinking water (P = 0.000), and plasma protein concentration (P = 0.029) ( Table 3) . Keeping the effect of the other covariates constant, the likelihood (hazard ratio) of reaching 100 kg BW was 2.17 times higher throughout the rearing period for calves born during the dry season than for those born during the rainy season. Similarly, the likelyhood (hazard ratio) of reaching 100 kg BW was 3.25 times higher in calves using surface water than in calves drinking well/tap water. The model predicted an increased likelihood of 1.03 (3%) of achieving 100 kg BW for each 1 g/l increase of plasma protein concentration.
Discussion
Various factors at both the farm-level and the calf-level were found to be associated with retarded growth and slow attainment of BW in the smallholder farms included in the study. Early weaning (before 4 months of age) was a farm factor associated with retarded growth. Although previous reports state that, under good management, dairy calves can be safely weaned as early as 7 -8 weeks of age [17] , the lack of availability of good quality concentrate to feed the calves in this area [2] probably means that later weaning would be beneficial in Tanzania and other areas where concentrate availability is a limiting factor. In early life, calves cannot utilize high fiber feeds efficiently [18] , but good quality concentrate early in life enhances nutrient supply to the calf and is necessary for early weaning to be successful [19] . In this study, calves that received >2.5 kg of milk/day had faster growth; adequate milk intake by calves during the first 3 months of age is recognized as being very important for good health and fast growth rates [20] . Although the majority of smallholder dairy farmers in the study allowed their calves to suckle at least twice a day during the lactation period, competition for milk between the calf and marketplace is relatively common, especially when there is a ready market for milk [21] . Educating farmers on the importance of adequate milk intake for improving calf growth is recommended.
The increased BW of calves born during the dry season is intriguing. It is likely that for calves born during the dry season, the majority of their growth actually occurs in the rainy/wet season when feed quality and availability is greatest. This observation may have implications for future breeding strategies. The positive effects of the wet season have also been reported by de Leeuw et al. [21] , who found that calves entering the long dry season (July-November) at an early age experienced growth retardation, due to prolonged exposure to poor pastures.
Reasons for variations in BW attainment in calves using different drinking water sources are also interesting, and different scenarios may explain our observations. It could be that farmers that used tap and deep water as drinking water sources for their calves had water supply limitations, especially during the dry season, and therefore water supply was already restricted. Water shortages are common in these regions during the dry season. Animals using surface water as their main drinking water supply may have been able to drink ad libitum. Increased watering frequency has previously been associated with increased average daily weight gain in calves due to the associated increase in feed intake [22, 23] . Thus, farmers should be made aware of the importance of providing adequate clean water to calves to improve calf growth rate.
Low BW gain was also associated with low plasma Hb concentration, as has previously been reported [24] , from a study in which a significant correlation between Hb level and BW gain in calves was observed. Low Hb concentration affects many systems through reduction in tissue oxygenation. Hb is synthesized in the bone marrow from iron (Fe) and protein, and therefore Hb synthesis can be impaired by Fe deficiency (caused by substrate insufficiency for ferrochelatase [11] , by copper (Cu) deficiency resulting in decreased activity of the Cu-dependent enzyme cytochrome oxidase [11] , or by protein deficiency). In a previous study of smallholder dairy cows in Morogoro, Tanzania, feed resources had sufficient concentrations of Fe in all seasons, but mean plasma Fe and Cu concentrations were nevertheless below the critical levels [25] . Low plasma Fe concentrations could be due to low Fe absorption efficiency or due to the proportions of other minerals and compounds that interact with Fe in the diet, for example, low plasma Cu concentrations [26, 27] . Indeed, low concentrations of Cu have been reported in both natural forage and in crop residues [28] . However protein deficiency is also common, as the forages are low in crude protein [28] and protein concentrate supplements are insufficient [29, 30] , and this also could be a relevant factor in our study. Therefore, dietary protein supplementation is recommended to address Hb deficiency and to promote calf growth.
Low total plasma protein concentrations were also associated with low BW in this study, reinforcing the importance of protein for calf growth, as previously discussed [2] . Providing an appropriate supply of amino acids to dairy calves is important for ensuring rapid structural growth and lean tissue deposition. Blome et al. [13] found that, BW gain and gain: feed ratio increased linearly as dietary crude protein increased. Cultivation of forage legumes by farmers should be encouraged in order that a sufficiently protein-rich diet is available for young dairy calves.
Low concentrations of phosphorus in the serum were also shown to be associated with low BW in this study. In phosphorus deficiency, feed is utilized less efficiently, presumably due to disturbances in energy metabolism [11] , and will result in reduced weight gain. Phosphorus deficiency in ruminants is probably due to low concentrations of this element in the forage. For most of the year, mature forages in tropics contain less than 0.15% phosphorus, which is lower than the required value [10, 31] , and in most areas of Tanzania, soil and plants are low in phosphorus [28, 32, 33] . However, other studies in Tanzania have found that the concentration of phosphorus in feed resources was adequate to meet cow requirements, although it decreased during the dry season [25, 34] . Feed grains and seed byproducts, such as rice bran and the oilseed meals, are rich in phosphorus [25, 28] , and therefore farmers should be encouraged to supply their calves with adequate amounts of concentrate to avoid phosphorus deficiency.
High concentrations of urea in serum were associated with low growth rate, possibly indicating a lack of energy in the animal ration. When peptide availability exceeds glucose availability in the ruminant gut, although there is ample nitrogen to support microbial growth, growth is limited because of insufficient energy supplies [12] . These conditions force the microbes to use peptides to meet energy needs instead of for protein synthesis. When the microbial growth rate is low, the amine groups are shunted to ammonia production, causing ruminal ammonia levels to rise. The ammonia is absorbed from the rumen, and results in increased blood urea concentrations [12] . Lyimo et al. [30] reported that calves in smallholder farms were fed natural forages alone, which are of low digestibility and has low dry matter content [28, 35] . We anticipating that, our farmers behaved as did the farmers in the Lyimo [30] study who found that, the only supplement was maize bran, of which very little or none was provided to the calves because they were not regarded as important as lactating cows [30] . The high serum urea concentrations observed in our study may be a consequence of this feeding strategy that results in insufficient energy supply in the animal feed for calves. Selection of appropriate forages for a particular season, together with provision of concentrate supplements, is important for optimum weight gain and good performance.
In summary, in this study area, the most important management factors associated with dairy calf BW attainment were season of birth, amount of milk fed to calves, source of drinking water, and weaning age. In addition, Hb concentration, serum phosphorus and urea concentrations, and plasma protein levels are calf-level variables that are associated with BW attainment. As the smallholder farmers in this area raise their own replacement stock and have small herd sizes, we recommend that an educational initiative with particular emphasis on the amount of milk fed to calves, management of weaning calves, provision of adequate water, and supply of nutritious protein and mineral feed would be beneficial for calf health and herd productivity. In addition, improvements in calf growth might also be achieved by approaches such as seasonal breeding strategies, introduction of supplementary feeding practices, and by improving livestock extension services.
